ABSTRACT: A field experiment was carried out at Nursery of Ornamental Plants, Fac. Agric., Minia Univ., Egypt during the two successive seasons of 2013/2014 and 2014/2015 to investigate the effect of NPK (0, 50, 75 and 100% of recommended dose) and biofertilization (phosphorein and/or E.M.) treatments on growth and flowering of Gladiolus grandiflorus cv. White Prosperity.
INTRODUCTION
Gladiolus grandiflorus, L. is considered one of the most important flowering bulbs grown in Egypt. Gladiolus belongs to family Iridaceae and is propagated by corms. It has decorative spike which carries numerous florets. There is as expands in areas planted with gladiolus in Egypt in order to meet the increase demand for gladiolus flowers for local market and export.
Mineral NPK and biofertilization are among the important agricultural treatments which have been proved to improve and augmented the vegetative growth and flowering aspects of gladiolus plants.
Many authors studied the effect of mineral NPK fertilization on gladiolus plants as Sehrawat et al. (2003) ; Atta-Alla et al. (2003) ; Khan and Iftikhar (2004) ; Gaurav and Prabhakar (2007) and Taha and Hassan (2008) how found that NPK fertilizer treatments on gladiolus plants gave an increase in plant height, number of leaves/plant, dry weight of leaves/plant, length of spike, rachis, length, number of florets/spike, lowest floret diameter and fresh weight.
Regarding the use of biofertilizers, Kathiresan et al. (2002) ; Abdou et al. (2004) ; Taha and Hassan (2008) and Dubey et al. (2008 and 2010) and Abdou et al. (2013) on gladiolus reported that biofertilization treatments improved vegetative growth and flower parameters. Similar results were obtained on other flowering bulbs by Hussein (2004) and Allam and El-Tayeb (2008) on Iris and Koley and Pal (2011) on tuberose.
The aim of this work was to study the effect of NPK and biofertilization treatments on the vegetative growth and flowering of gladiolus cv. White Prosperity.
MATERIALS AND METHODS
A field experimental was carried out during the two successive seasons of 2013/2014 and 2014/2015 at the Nursery of Ornamental Plants, Fac. Agric., Minia Univ., to figure out the response of Gladiolus graniflorus cv. White Prosperity to mineral and biofertilization treatments.
The corms of gladiolus were obtained from Holland by Basiouny Nurseries, Cairo, Egypt. Average corm diameter was 2.9 and 3.2 cm and corm weight was 9.7 and 9.9 g for the first and second seasons, respectively. Corms were planted on October, 15 th for both seasons in 1.8×2 m plots containing 3 ridges, 50 cm apart. Corms were planted in hills, 20 cm apart (8 corms/ridge). Physical and chemical properties of the used soil are listed in Table (a) . The split plot design with three replicates was followed in this experiment.
The four combined NPK fertilization treatments were considered as main plots (A) and four biofertilization treatments the subplots (B). The four NPK fertilization treatments were N 0 P 0 K 0 (0:0:0), N 1 P 1 K 1 (150:80:100), N 2 P 2 K 2 (225:120:150), N 3 P 3 K 3 (300:160:200). Nitrogen fertilization rates of N 0 , N 1 , N 2 and N 3 were represented by 0, 150, 225 and 300 kg/fed ammonium nitrate (33.5% N). While, phosphorus was applied at P 0 , P 1 , P 2 and P 3 represented by 0, 80, 120 and 160 kg/fed calcium superphosphate (15.5% P 2 O 5 ) and potassium was added at K 0 , K 1 , K 2 and K 3 represented by 0, 100, 150 and 200 kg/fed potassium sulphate (48.5% K 2 O). The combined N 1 P 1 K 1 , N 2 P 2 K 2 and N 3 P 3 K 3 presented 50, 75 and 100% respectively.
Phosphorus fertilizer was added before planting during the soil preparation. The amounts of N and K mineral fertilization were added at the three equal batches, one month, and two months from planting date and after cut of flowers.
The biofertilization treatments were as follows:
(1) control (without any biofertilizers), (2) phosphorein, (3) E.M. (effective microorganisms), (4) E.M. + phosphorein.
The biofertilizers were applied three times to the soil beside the plants at 50 ml/plant E.M. or phosphorein. Application was carried out three times, 35 and 70 days after planting and after flowers cut. The following data were recorded:
1-Vegetative growth characters just before flowering: leaf length (cm), number of leaves/plant and dry weight of leaves/plant (g).
2-Flowering characters: length of spike (cm), rachis length, number of florets/spike, lowest floret diameter (cm) and floret fresh weight (g).
The data of the two experiments were subjected to the statistical analysis of variance using MSTAT-C (1986) . L.S.D. test at 5% was used to compare the average means of treatments.
RESULTS AND DISCUSSION

1-Vegetative growth characters:
Data presented in Table ( 1) indicated that leaf length, number of leaves/plant and leaves dry weight/plant of Gladiolus grandiflorus cv. White Prosperity were significantly increased, in both seasons, due to the use of N 1 P 1 K 1 , N 2 P 2 K 2 and N 3 P 3 K 3 fertilization in comparison with those of unfertilized control (N 0 P 0 K 0 ) plants. The increase was study by the gradual increase in NPK fertilizer levels. So, the high level of NPK (N 3 P 3 K 3 ) was superior than other used treatments. The increase in vegetative growth traits due to N 1 P 1 K 1 , N 2 P 2 K 2 and N 3 P 3 K 3 fertilizer over the control (N 0 P 0 K 0 ) reached 8.50, 14.14 and 18.40% for leaf length, 23.33, 27.13 and 29.62% for number of leaves and 23.27, 27.21 and 29.84% for leaves dry weight, respectively, in the first season. The increase of vegetative growth resulting from using mineral NPK might be due to the enhance of cell division and/or cell enlargement. These elements might participate directly or indirectly in plant anabolism resulting in more plant materials (Lambers et al., 2000) . Table ( 1) showed that, leaf length, number of leaves/plant and leaves dry weight of gladiolus were significantly increased, in both seasons, due to the use of each phosphorein, effective microorganisms (E.M.) and phosphorein + E.M. treatments in comparison with control (non-biofertilizer). The mixed treatment of phosphorein plus E.M. seemed to be more effective than either biofertilizer alone. Similar results were obtained by Abdou et al. (2004) and Taha and Hassan (2008) on gladiolus.
Data presented in
The role of effective microorganisms (E.M.) as a biofertilizer (containing photosynthetic bacteria + yeast + lactic acid) in promoting vegetative might be attributed to the increase in soil available nitrogen, vitamins amino acids and plant growth regulators. Consequently, increasing the formation of metabolities which encourage the vegetative growth and enhance meristematic activity of cell and tissues to improve leaf production (Sperenat, 1997; Hassan, 1997 and Ali, 2013) . Phosphorein (containing phosphate solubilizing bacteria) increases in phosphorus uptake (Hauka, 2000 and Gabra, 2004) .
The interaction between mineral NPK and biofertilization treatments was significant for the three traits in both seasons. The maximum leaf length, number of leaves and leaves dry weight, in both seasons, were obtained due to fertilizing gladiolus cv. White Prosperity with either N 3 P 3 K 3 or N 2 P 2 K 2 in combination with phosphorein + E.M.
2-Flowering parameters:
Data presented in Tables (2 and 3) showed that all NPK fertilizer treatments caused significant increase in length of spike, rachis length, number of florets/plant, lowest floret diameter and fresh weight, in the two seasons, in comparison with control (N 0 P 0 K 0 ). High level of NPK (N 3 P 3 K 3 ) recorded the highest values of flowering parameters. These results are in agreement with those obtained by Sehrawat et al. (2003) ; Phos.= Phosphorein , E.M.= Effective microorganisms N 0 P 0 K 0 = 0%, N 1 P 1 K 1 = 50%, N 2 P 2 K 2 = 75%, N 3 P 3 K 3 = 100% Atta-Alla et al. (2003) and Taha and Hassan (2008) on gladiolus plants.
The positive effect of NPK fertilizer treatments might be attributed primarily to their stimulative effect on the different vegetative growth parameters (Table, 1 ). Better vegetative growth should be directly reflected on various flowering aspects. Tables (2 and These results may be attributed to the direct and indirect role of stimulating substances (nutrients, amino acids, vitamins and plant growth regulators) which came as a result from inoculation of bacteria, all those have better effects on the plant growth, consequently improving enzymatic systems that reflect on the flowers.
Data presented in
The interaction between NPK and biofertilization treatments was significant for the five studied flowering characters in both seasons as clearly shown in Tables (2 and 3 ). The best overall results were obtained due to supplying gladiolus plants with either medium or high level of NPK in combination with phosphorein + E.M. It is mention that there are no significant differences between phosphorein + E.M. in combination with N 2 P 2 K 2 and N 3 P 3 K 3 treatments on vegetative growth and flowering characters in both seasons. So, N 2 P 2 K 2 with phosphorein + effective microorganisms (E.M.) are economically and environmentally required and beneficial.
